In this paper we present the Adaptive Optics Lucky Imager (AOLI), a state-of-the-art instrument which makes use of two well proved techniques for extremely high spatial resolution with ground-based telescopes: Lucky Imaging (LI) and Adaptive Optics (AO). AOLI comprises an AO system, including a low order non-linear curvature wavefront sensor together with a 241 actuators deformable mirror, a science array of four 1024x1024 EMCCDs, allowing a 120x120 down to 36x36 arcseconds field of view, a calibration subsystem and a powerful LI software. Thanks to the revolutionary WFS, AOLI shall have the capability of using faint reference stars (I ∼ 16.5-17.5), enabling it to be used over a much wider part of the sky than with common Shack-Hartmann AO systems. This instrument saw first light in September 2013 at William Herschel Telescope. Although the instrument was not complete, these commissioning demonstrated its feasibility, obtaining a FWHM for the best PSF of 0.151±0.005 arcsec and a plate scale of 55.0±0.3 mas/pixel. Those observations served us to prove some characteristics of the interesting multiple T Tauri system LkHα 262-263, finding it to be gravitationally bounded. This interesting multiple system mixes the presence of proto-planetary discs, one proved to be double, and the first-time optically resolved pair LkHα 263AB (0.42 arcsec separation).
Introduction
Adaptive Optics (AO) is the main technique to improve the spatial resolution of large groundbased telescopes, see [1] . It has turned to provide excellent results on offering diffraction limited images in the near infrared (NIR) due to the minor effects of turbulence in this range. Unfortunately, by now there is a lack of efficient AO systems in the optical bands (see [5] and [12] ) except for solar telescopes, as in [4] . Besides, AO systems on duty today are able to achieve high success in correcting the incoming wavefront errors at high degrees by using Shack-Hartmann (SH) sensors, but they requiere very bright, and hence scarce, reference stars or a laser non-natural star.
The Lucky Imaging (LI) technique, as suggested by [13] and named by [10] , was born as an alternative to AO to reach the diffraction limit in the optical bands. Images are taken at a very high speed in order to sample those intervals in which the atmosphere inside the collector tube through which the wavefront travels can be regarded as stable. If the best fraction of a bunch of images, those with smaller Strehl pattern, are stacked in a shift-andadd process, the equivalent to a near-diffraction limit observation is obtained, see [17] . The fraction of images selected for each target depends on the atmospheric conditions, see [3] . Examples of LI instruments are LuckyCam [26] and FastCam [23] , both of them have set the basis for AOLI.
In the next section we briefly present AOLI. In section 3, we describe its first light observations.
2 Description of the instrument AOLI (figure 1) is being developed by a consortium composed by the IAC, the IoA, Köln University (KU) and UPCT. It is conceived as a visitor instrument at the WHT's Nasmyth platform. It consists of seven major subsystems: front-end, mechanical support, calibration unit, science camera, AO unit, control software and data analysis. Complementary information and optical layouts can be found in [19] and [20] .
The collected light, after passing through the Canary de-rotator and a collimator lens, goes through an Atmospheric Dispersion Corrector (ADC) which allows AOLI to work away from zenith without significant distortions. Then, and after being reflected at the deformable mirror (DM) and a flat mirror, the beam is focused with a camera lens into the pickoff mirror. In there, light coming from the reference star is deflected towards the wavefront sensor (WFS) in where a pupil of 2 mm is imaged. The rest of the light not deflected by the pick-off mirror is sent to the science camera which contains a set of lenses allowing a range of magnification scales giving a corresponding field of view of about 36×36 arcsec up to 120×120 arcsec.
Science camera
A pyramid mirror architecture is placed at the entrance of the camera system 2 to re-image contiguous zones, each to a separate detector. Furthermore, the whole imaging structure can Velasco, S. et al.
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Figure 1: AOLI mounted in the Naysmith GHRIL focus at WHT in September, 2013, as seen from the telescope.
be moved in XYZ axis for alignment, center and focusing purposes. The wide-field science camera is optimised for the 500 nm to 1 micron wavelength range with an array of four photon counting, electron multiplying, back illuminated E2V EMCCD detectors. The four 1024x1024 pixels detectors, with very high quantum efficiency (peak over 95 per cent), and our own control electronics are stacked into a cryostat to improve their performance and with its own filter wheel each. This allows the use of a narrowband filter for the science object with a broad band filter for the reference star. These EMCCDs are able to offer images at a 30 MHz pixel rate, meaning 25 frames per second (fps). 
AO Subsystem
The AO subsystem 3 consists of a low order curvature WFS with two photon counting EMCCD detectors, the same ones than in the science unit but at higher frame rates (around and more layouts can be found in [6] . Two curvature WFS are being developed for AOLI: a non-linear ( [21] and [11] ) and a geometric one [9] . Curvature sensors are typically ten times more sensitive than ShackHartmann (SH) WFS for the same degree of correction, especially for the low-order errors due to turbulence [25] . AOLI is designed to perform low-order corrections with much fainter stars (I ∼ 16.5-17.5), enabling the instrument to be used over a much wider part of the sky than with SH WFS. A final decision on which sensor will be finally installed at AOLI will be taken on the basis of their results.
Other subsystems
A calibration unit to test AOLI's performance at lab in the conditions that the instrument would likely have at telescope is included, see [24] . This subsystem comprises some phase plates to emulate local atmospherical disturbances reproducing different turbulent layers that allow to test AOLI's WFS and pupil reconstruction.
The unique acquisition software developed takes AOLI to a priority position. It brings the possibility of processing the speckle image on real time, even allowing the observer to check a live-view of it during the observation night. It not only becomes AOLI into a powerful scientific instrument but also reduces in a significant way the amount of data to be stored by computers.
Science verification
On September 24th and 25th 2013, AOLI was installed at WHT's Nasmyth platform for a first commissioning to test all AOLI subsystems and its overall efficiency without a fully developed AO subsystem. Although the observations were carried out under quite adverse weather conditions and with only one of the four science EMCCDs, it was possible to obtain several thousand images of scientific interest.
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Plate scale
Binary stars and globular clusters were observed to test the optical alignment and to stablish a useful calibration scale using on-sky targets. The particular characteristics of Globular Clusters (GCs) -presence of thousands of stars with different spectral type and great dynamic range-make them isolated laboratories in where to test and calibrate new LI instruments. We selected M15 as it is a compact GC with a dense core that has been previously astrometrized using HST data, see [2] and [27] . Moreover, this GC has been extensively studied by our group using LI [7] .
We selected the best 10 per cent out of 1029 images of the core of M15 from 75 seconds of on-source observations at WHT. To calculate the plate scale we have cross-correlated them with the catalogues by [30] and [27] , measuring a plate scale of 55.0±0.3 mas/pixel.
Observations of the LkHα 262-263 T Tauri system
LkHα 263 is a triple T Tauri system inside the MBM12 cloud at 275 pc from the Sun [18] . It includes two main bright non-spectroscopically resolved M2-M4 (see [22] and [18] ) components, A and B, separated by 0.4 arcsec, and a third fainter C component 4 arcsec away. This C component, an optically thick edge-on disk hosting an M0 star, was discovered with adaptive optics in the near-IR band by [14] . LkHα 262 is another T-Tauri M0 [15] star in the proximity, 15.5 arcsec away, of LkHα 263. 
